The magnetic moment of a baryon state is an equally important dynamical observable as its mass, which encodes crucial information of its underlying structure. According to the different color-flavor structure, we have calculated the magnetic moments of the hidden-charm pentaquark states with the isospin (I, I 3 ) = ( + in the molecular model, the diquark-triquark model, and the diquark-diquark-antiquark model, respectively. Although a good description for the pentaquark mass spectrum and decay patterns has been obtained in all three models, different color-flavor structures lead to different magnetic moments, which can be used to pin down their inner structures and distinguish various models.
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I. INTRODUCTION
The LHCb Collaboration discovered two candidates of the hidden-charm pentaquark states in the mass spectrum of J/ψp [1] . According to their decay channel, there should be five quarksccuud within these two P + c states. The mass and width of the heavier structure are (4449.8 ± 1.7 ± 2.5) MeV and (39 ± 5 ± 19) MeV, respectively. The lighter signal has a mass (4380 ± 8 ± 29) MeV and a width (205 ± 8 ± 6) MeV [1] . These two structures have opposite parity. Their J P quantum numbers may be ( + ) [1] . Several different J P combinations of the two states all give a good description of the experiment data. Very recently, LHCb confirms again confirmed two observed P c states with a model-independent analysis [2] . Before the observation of two P c states, the predictions of hidden-charm pentaquark were given in Refs. [3] [4] [5] [6] .
This observation has inspired theorists to explore the P c states extensively. Many different theoretical schemes were proposed to interpret their inner structures. An extensive review of the current experimental and theoretical progress on hidden-charm pentaquarks can be found in Ref. [7] . These studies can be categorized into four groups:
1. Molecular state scheme: since the masses of the two P c [8] [9] [10] [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] . In fact, the existence of the molecular states composed of a heavy baryon and a heavy meson was predicted within the one boson exchange model before the LHCb's discovery in Ref. [3] . The hidden-charm pentaquark states were also predicted and dynamically generated with the coupled channel unitary approach in Ref. [4] .
3. Diquark-triquark scheme: In Ref. [27] , Lebed discussed the diquark-triquark configuration of the pentaquark state and implications for their decay behavior. The mass spectrum of the P c states were calculated using the diquark-triqaurk model in [28] , The possible partner states of these two P c states and their interesting decay modes were also discussed in Refs. [29] [30] [31] .
4. Additionally, these two structures, especially the higher one, were also suggested to arise from the threshold effects [32] [33] [34] . The P c states were discussed in the context of the soliton picture [35] .
We notice that a good description for the pentaquark mass spectrum and decay patterns has been obtained in all three models. In other words, the mass and decay width alone can not distinguish the inner structure of the hidden-charm pentaquarks. Recall that the magnetic moment is an equally important dynamical observable of a baryon state. As shown in the following sections, the different color-flavor configurations of the P c states will lead to their different magnetic moments, which can be used to pin down their underlying structures.
It's the textbook knowledge that the nonrelativistic quark model is very successful in the description of the magnetic moments of the octet baryon ground states. We employ this simple framework to calculate the magnetic moments of the hidden-charm pentaquark states with different J P and color-flavor configurations. In Sec. II, we first discuss the color structure of the different color-flavor configurations. In Sec. III, we calculate the magnetic moment of the P c states with three flavor representations in the molecular model. In Sec. IV, we calculate the P c magnetic moment in the diquark-diquark-antiquark model. In Sec. V, we derive the P c magnetic moment with the diquark-triquark model. In Sec. VI, we discuss the numerical results and summarize.
II. COLOR CONFIGURATION OF THE P c STATES
According to the color configurations, the pentaquark state may be composed of either two or three clusters. For the twocluster case, one cluster contains two quarks while the other cluster contains three quarks. According to the color structures of the two clusters, the pentaquark state may be a molecular state or a diquark-triquark state. Their possible configurations are (cc)(q 1 q 2 q 3 ), (cq 3 )(cq 1 q 2 ), (cq 3 )(cq 1 q 2 ) and (q 1 q 2 )(ccq 3 ). The pentaquark state may also contain three clusters: two diquarks plus an antiquark. The configuration is (cq 3 )(q 1 q 2 )c, (cq 3 )(q 1 q 2 )c and (cc)(q 1 q 2 )q 3 .
For illustration, we first define the so-called color factor I of the cluster which indicates whether there exists attraction within the cluster.
where λ a i is the color generator of the ith quark with the cluster, n = 2, 3 for the diquark and triquark, respectively, and
+ p + q is the first-rank Casimir operator for the cluster with the color respresentation [p, q] .
3 for the quark and antiquark. For either the (cq 3 ) or (cc)cluster within the configuration (cc)(q 1 q 2 q 3 ) and (cq 3 )(q 1 q 2 ), we have3 ⊗ 3 = 1 ⊕ 8. In other words, the color factor of the (cq 3 ) or (cc)cluster is − 4 3 for the color singlet and 1 6 for the color octet. The color representation for the three particle cluster is 3 ⊗ (3 ⊗ 3) = 3 ⊗ (3 ⊕ 6) = (1 ⊕ 8 2 ) ⊕ (10 ⊕ 8 1 ) with the color factor
To form a color singlet P c state, the diquark and triquark should combine as follows:
In order to form a quasibound cluster, either the (cq 3 ) or (cc) tends to be the color singlet. In other words, the (cq 3 ) forms a heavy meson and (cc) becomes a charmonium. Accordingly, the cq 1 q 2 or q 1 q 2 q 3 cluster forms a color singlet baryon. Since there does not exist strong attraction between a charmonium and a light baryon, it's hard for them to form a loosely bound molecular state. We do not consider this possibility.
In contrast, the (cq 3 )(cq 1 q 2 ) configuration could lead to the hidden-charm molecular states composed ofD ( * ) Σ ( * ) c , which have been studied extensively [3, 4, 9, 13] . Therefore, we will consider the (cq 3 )(cq 1 q 2 ) structure.
For the diquark within the configurations (cq 3 )(cq 1 q 2 ) and (q 1 q 2 )(ccq 3 ), we have 3 ⊗ 3 =3 ⊕ 6 with the color factor I = − The triquark with the 3 1 and 3 2 representation tends to form a quasibound cluster with strong attraction, which then couples with the diquark in the3 representation to form a color singlet pentaquark state. Now let us move on to the diquark-diquark-antiquark model. We note that this model converts into the molecular state if there exists one cluster with ac and a quark. The color representation of this cluster prefers the color singlet after the decomposition 3 ⊗3 = 1 ⊕ 8. Then the other three quarks form another color singlet. The discussion is the same as in the case of a molecular state. In other words, the only nontrivial configuration in the diquark-diquark-antiquark model is (cq 3 )(q 1 q 2 )c, where both of the two diquarks are in the3 c representation.
In the above, we have used the color algebra to discuss the molecular configuration (cq 3 )(cq 1 q 2 ), the diquark-diquark-antiquark configurationc(cq 3 )(q 1 q 2 ) and diquark-triquark configurations (cq 3 )(cq 1 q 2 ) and (q 1 q 2 )(ccq 3 ). In the following sections, we will use these configurations to construct the color, flavor, spin and orbital wave functions of the P c states, which will be used in the calculation of their magnetic moments. As will be shown in the subsequent sections, different models with different color representations lead to different magnetic moments.
III. MAGNETIC MOMENT OF THE P c STATES IN THE MOLECULAR SCHEME
As a molecular state,cq 3 and cq 1 q 2 are in the color singlet. The two hadrons form a loosely bound molecular state. q 1 q 2 inside the baryon should be in3 c representation according to Sec. II. We study the molecular state in a S U(3) f × S U(3) c frame. Due to the Fermi statistics, there are two different configurations for q 1 q 2 as listed in Table I . As the heavy quark does not carry isospin number, we have only considered the three light quarks in constructing the flavor wave functions. 
The q 1 q 2 forms the3 f and 6 f flavor representation with the total spin S = 0 and 1, respectively. The two flavor representations are listed in Fig. 1 . In Fig. 2 , we illustrate the heavy baryons in the3 f and 6 f representation. In Table I , [q 1 q 2 ] forms the3 f , which then combines with the q 3 to form the flavor representation3 f ⊗ 3 f = 1 f ⊕ 8 2 f as illustrated in Fig. 3 . When the q 1 q 2 is in the 6 f , 6 f ⊗ 3 f = 10 f ⊗ 8 1 f as listed in Fig. 4 . After taking into account the Clebsch-Gordan coefficients, we get the flavor wave function of the pentaquark state with the configuration (cq 3 )(cq 1 q 2 ). The same method is applied to the other configurations (cq 3 )(cq 1 q 2 ) and (cq 3 )(q 1 q 2 )c. The wave functions of the pentaquark states are listed in Table II Within the molecular scheme, there is a P-wave orbital excitation in the state with positive parity. The P-wave excitation inside the baryon or meson would increase the mass of the pentaquark by 400 MeV. Moreover, a P-wave heavy hadron would be broad and unstable, which would render the pentaquark very broad. Such a possibility is not favored by the LHCb's observation. Therefore, the orbital excitation lies between the heavy meson and heavy baryon for the P c state with positive parity in the molecular scheme. 
where g is the Lande factor. The subscripts m and b represent meson and baryon, respectively. l is the orbital excitation between the two hadrons. Q andQ are the heavy quark and antiquark. (1,
(1,
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denotes the magnetic moment. The pentaquark state is written as
The magnetic moment of the molecular pentaquark states (cq 3 )(cq 1 q 2 ) with the isospin (I,
) in the 8 1 f flavor representation from 6 f ⊗ 3 f = 10 f ⊕ 8 1 f . The third line denotes the J P of the heavy baryon, meson, and orbital excitation. The unit is the magnetic moment of the proton. the three-body bound state, the ρ and the λ excitation. The ρ mode P-wave orbital excitation lies between the diquark cq 3 and diquark q 1 q 2 . The λ mode P-wave orbital excitation lies between thec and the center of mass system of the cq 3 and q 1 q 2 . Now the pentaquark state |JJ is written as
where s 1 and s 2 are the spin of the diquark cq 3 and q 1 q 2 , respectively. They two couple into the spin s ′ , which combines with the spin of thec to form the total spin of the pentaquark state S . l is the orbital excitation. J is the total angular momentum. The magnetic moment of the pentaquark state is
where m, S z , and S ′ z are the third component of the orbital excitation, the total spin of the pentaquark state, and the diquark spin, respectively. We use the values of the diquark masses from Ref. 
We list the flavor wave functions of the pentaquark states in this model in Table V . The analytic expressions for magnetic moments of the configurations (cq 3 )(q 1 q 2 )c in the 8 2 f and 8 1 f flavor representations are in Table VI. In Tables VII and VIII, states in the diquark-triquark scheme are also the same as those in the above two models, which can be seen in Sec. V. For the (cs){ud}c 
(cu){ud}c
(cu){ss}c + + and λ excitation are larger than those with the ρ excitation except the Tables VII and VIII .
V. MAGNETIC MOMENT OF THE P c STATES IN THE DIQUARK-TRIQUARK MODEL
The diquark-triquark configurations are either (cq 3 )(cq 1 q 2 ) or (q 1 q 2 )(ccq 3 ). Both the (cq 3 ) diquark within (cq 3 )(cq 1 q 2 ) and (q 1 q 2 ) diquark within (q 1 q 2 )(ccq 3 ) are in a3 c representation. The triquarkcq 1 q 2 or (ccq 3 ) is also in the 3 c representation.
However, as pointed out in Sec II, the diquark q 1 q 2 in the triquark (cq 1 q 2 ) can be either in a3 c or 6 c representation. When the q 1 q 2 is in the3 c representation, the structures are the same as that in Table I . Their wave functions are listed in Table IX . When the q 1 q 2 is in the 6 c representation, the structures are listed in Table X. ). They are in the 8 2 f representation from3 f ⊗ 3 f = 1 f ⊕ 8 2 f and 8 1 f representation from 6 f ⊗ 3 f = 10 f ⊕ 8 1 f , respectively. The third line denotes the J P of the diquark (cq 3 ), diquark (q 1 q 2 ), antiquark, and orbital excitation, respectively. For the pentaquark states with positive parity, the P-wave excitation is the ρ mode. The unit is the magnetic moment of the proton. Flavor representation-8 1 f The diquark-triquark model has a similar configuration as the molecular model except the color representation. We also assume that the P-wave excitation exists between the two clusters. The derivation of the magnetic moment in this model is similar to that of the molecule case. Now we have
The subscripts d and t represent the diquark and triquark, respectively. Similarly,
where we have replaced the spin of the baryon S b and the spin of the meson S m in Eq. (3) and Eq. (4) by the spin of the diquark S d and the spin of the triquark S t . m, S z , and S ′ z are the third component of the orbital excitation, the pentaquark total spin and the triquark spin respectively. s 12 is the total spin of the diquark inside the triquark. ). They are in the 8 2 f representation from3 f ⊗3 f = 1 f ⊕8 2 f and 8 1 f representation from 6 f ⊗3 f = 10 f ⊕8 1 f respectively. The third line denotes the J P of the diquark (cq 3 ), diquark (q 1 q 2 ), antiquark and orbital excitation, respectively. For the pentaquark states with positive parity, the λ mode P-wave excitation is between thec and center of mass system of diquark (cq 3 ) and diquark (q 1 q 2 ). The unit is the magnetic moment of the proton. The masses of the triquark are roughly the sum of the mass of the corresponding diquark and the antiquark. When the q 1 q 2 is in the 6 c representation, their masses are not known. Therefore, we omit results in this case. When the diquark is in the3 c representation, the numerical results for the pentaquark states with isospin 1 2 are in Table XI . We also list the analytic formulae of the magnetic moments of the pentaquarks with differen spin and configurations in Table XII . For the pentaquarks with the configuration (q 1 q 2 )(ccq 3 ), we collect the flavor wave functions in Table XIII , and the numerical results for the (I, I 3 ) = ( Table XIV. In Tables XI and XIV, − ⊗ 0 + are also −0.403µ p . In this case, the spins of the diquark (cq 3 ) and diquark (q 1 q 2 ) are both 0 in these configurations. Moreover, there is no orbital excitation. Thus, only the anticharm quark contributes to the magnetic moment, which leads to the same negative magnetic moment even for the nine flavor configurations both in the diquark-triquark model and the diquark-diquark-antiquark model.
We collect the numerical results for the states in the 1 f ⊕ 8 2 f representation within the diquark-diquark-antiquark scheme in Tables VII and VIII, which can be compared with the results in the diquark-triquark scheme in Tables XI and XIV. In these tables, the magnetic moments of the states without P-wave excitations are the same. However, those of the states with the P-wave excitation are slightly different. In this case, the total spin of q 1 q 2 is 0. The expressions for the magnetic moments are the same within the diquark-triquark and the diquark-diquark-antiquark configurations as illustrated in Tables XII and VI. The expressions of the magmatic moments of some states in the 8 2 f ⊕10 f representations are also the same in different models. For example, the magnetic moments of the states with J P = For the molecular-type pentaquark states, their expressions can also be obtained through the interexchange of µ Q and µQ in Tables XII. Therefore, the numerical results are usually different. However, for some states without orbital excitation, the 
(cs)(c{us}) − (cs)(c{ud})
(cu)(c{ss}) + 
). The 8 1 f and 8 2 f flavor representations are from the3 f ⊗ 3 f = 1 f ⊕ 8 2 f and 6 f ⊗ 3 f = 10 f ⊕ 8 1 f , respectively. The wave functions of the pentaquark states are listed in Table IX . The third line denotes the J P of the triquark q 1 q 2c , the diquark cq 3 , and the orbital excitation. The unit is the magnetic moments of the proton. Flavor representation-8 1 f 
VI. SUMMARY
Searching for exotic states is an intriguing issue in hadron physics. In 2015, two candidates of the hidden-charm pentaquark were reported by LHCb [1] , which were confirmed very recently by LHCb by performing a model-independent analysis [2] . The observed P c (4380) and P c (4450) states have stimulated extensive discussions of their inner structures. As summarized in Sec. I, there exist several speculations of the inner structures of P c (4380) and P c (4450), which include the molecular state scheme, diquark-diquark-antiquark scheme and the diquark-triquark scheme. How to distinguish these possible configurations of the P c states becomes a crucial task.
In this work, we propose that the magnetic moments of the hidden-charm pentaquarks can be employed to achieve this aim. We have calculated the magnetic moments of the hidden-charm pentaquark states with J P = In the diquark-diquark-antiquark model, we choose the states with the isospin (I, I z ) = ( ). The 8 1 f and 8 2 f flavor representations are from the the3 f ⊗ 3 f = 1 f ⊕ 8 2 f and 6 f ⊗ 3 f = 10 f ⊕ 8 1 f , respectively. The third line denotes the J P of the diquark cq 3 , the antiquarkc, the diquark q 1 q 2 , and the orbital excitation. The subscripts 1 2 − ( 3 2 − ) represent the J P of the triquarkccq 3 , while the subscripts 0(or 1) are the total spin of the diquark cq 3 in the triquarkccq 3 . The unit is the magnetic moment of the proton. 0.967µ p respectively. Our results clearly show that the magnetic moments of the hidden-charm pentaquarks with different configurations are very different. In other words, the experimental measurement of the magnetic moment of the hidden-charm pentaquark indeed can help distinguish their inner structure.
The P c states can be produced through either the photo-production or electro-production process γ ( * ) P → P c → J/ψP. In order to extract the magnetic moments of the P c states, one could study one more challenging process γ ( * ) P → P c → P c γ → J/ψPγ. A very similar process γ ( * ) P → ∆ + → ∆ + γ → π 0 Pγ was used to extract the magnetic moment of the ∆ resonance [39, 40] . The total and differential cross sections may be sensitive to the magnetic moment of the hidden-charm pentaquark, which might be extracted by comparing theoretical predictions with the measured cross sections. We are looking forward to future experimental progress along these directions.
